The aim of the study was to investigate changes in virological characteristics of HIV strains isolated from 38 HIV-seropositive subjects during antiretroviral therapy.
Introduction
The rate of clinical progression is variable among individuals infected with HIV. In most patients, the asymptomatic period may extend for many years, although CD4+ cell counts usually show a continuous gradual decline. In other patients, CD4+ cell counts decline rapidly, resulting in the onset of AIDS. To date, the underlying pathogenic mechanisms that govern the persistence of infection in vivo, and ultimately the transition from low-level to fulminant infection, are largely unknown [1, 2] . So far, two distinct biological phenotypes of HIV have been described on the basis of their ability or inability to produce cytopathic effects in MT-2 cell line: the syncytium-inducing phenotype (SI) and the non-syncytium-inducing phenotype (NSI) [3] . SI variants have been detected at all stages of HIV-1 infection, but these phenotypic variants are found more commonly among patients with advanced disease and with accelerated CD4+ count decline [4, 5] . Previous reports suggest that progression to AIDS is associated with increasing viral burden, deterioration of immunological status, emergence of drug-resistant viral strains and, finally, with a more cytopathic viral phenotype [6] [7] [8] . Although a strong association between SI variants, zidovudine (ZDV) resistance and CD4 cell counts decline has been reported [9, 10] , there is no evidence, as yet, to support the idea that antiviral drug resistance selects for the appearance of the SI and/or NSI phenotype.
In this study, the biological properties (antiviral resistance and viral phenotype) of sequential HIV-1 isolates obtained from patients treated with ZDV and saquinavir (SQV), alone or in combination, were evaluated. In addition, it was investigated whether changes in viral burden and CD4+ cell counts were temporally associated with the emergence of a distinct viral phenotype.
Methods

Study design
Ninety-two patients (62 males, 30 females) with symptomatic HIV infection and CD4+ lymphocyte count ≤ 300 cells × 10 6 /l, who had not received prior antiretroviral treatment, were enrolled in the study to evaluate the efficacy of SQV, a new protease inhibitor. The study was a 16-week, parallel, randomized doubleblind, Phase I/II trial, with blinded monthly extensions of therapy in the absence of major disease progression and toxicity. HIV-1 isolates were obtained at baseline, after 16 weeks and after 52 weeks of therapy from only 38 subjects. These patients were treated thrice daily for 1 year with ZDV 200 mg (12 patients), SQV 600 mg (10 patients) and ZDV 200 mg plus SQV 600 mg (16 patients). All patients gave written informed consent.
Laboratory monitoring
Heparinized and EDTA-treated blood samples for plasma viraemia titration, HIV-RNA quantitative polymerase chain reaction (PCR) and CD4+ cell count were obtained from patients at baseline, weeks 2, 4, 8 and 16. Samples for CD4+ cell count were also collected monthly until week 52, and plasma for HIV-1 isolation was obtained at baseline, and after 16 and 52 weeks of therapy.
Virological evaluation
Plasma viraemia titration and Roche Molecular Systems (Branchburg, New Jersey, USA) RT PCR assay, which were used to quantify HIV-RNA copy numbers in plasma, were performed according to published techniques [11, 12] .
HIV was isolated from plasma as previously described [13] . One mililitre polyethylene glycol pretreated and untreated plasma samples were incubated in T25 flasks with 10 7 phytohaemagglutinin (PHA)-stimulated peripheral blood mononuclear cells (PBMC), which had been obtained from HIV-seronegative donors. Cultures were placed in a humidified chamber at 37°C, in 5% CO 2 , and were maintained for 40 days. Cultures were monitored twice weekly for p24 antigen production using a commercially available enzyme immunoassay (ELISA, Abbott Laboratories, North Chicago, Illinois, USA). A culture was considered positive if the concentrations of p24 antigen exceeded 1000 pg/ml in two consecutive determinations. Positive supernatants were harvested by centrifugation and stored in liquid nitrogen.
In order to determine whether the HIV isolates were SI or NSI, an aliquot of viral stock supernatant, containing 100 × 50% tissue culture infectious dose (TCID 50 )/ml, was cultured with 10 6 MT-2 cells. Cultures were maintained for 4 weeks and were examined for syncytium formation twice a week [14] .
HIV-1 isolates derived from plasma culture were tested for drug sensitivity by measuring growth in normal PBMC, obtained from seronegative donors, in the presence of different concentrations of drugs. Briefly, PHAstimulated donor PBMC (4 × 10 6 cells) were infected with 2 ml medium containing viral stocks normalized to a multiplicity of infection of 2000 TCID 50 /ml. After a 2-h adsorption period, aliquots of the cells were put into a 96-well plate containing five different concentrations of ZDV (0.001, 0.01, 0.1, 1 and 5 µM) or of SQV (0.01, 0.1, 1, 10 and 100 nM). All culture assays were performed in quadruplicate and monitored for p24 antigen production on day 7 after infection. A 50% inhibitory concentration (IC 50 ) of drug against virus was determined based upon comparative growth of isolates in untreated control cultures. HIV isolates were considered resistant to ZDV for IC 50 > 0.5 µmol of drug, and resistant to SQV for IC 50 > 10 nmol of drug. All HIV strains isolated from the same patient were tested for drug sensitivity simultaneously.
Statistical analysis
The joint analysis of 2 × 2 tables was performed using the Mantel-Haenszel χ 2 test. All P values were twosided. Group means were compared by two-sample t tests and the analysis of variance; if the corresponding F test was statistically significant then individual means were compared using the Bonferroni additive inequality, which controls for the maximum experiment-wise error rate.
Results
Baseline patient characteristics
Baseline characteristics of patients are showed in Table  1 . At the start of therapy 20 (53%) subjects carried NSI variants and 18 (47%) carried SI virus. No significant differences were observed in CD4+ cell counts and in viral load between the two groups of patients, even though subjects harbouring SI strains showed the lowest CD4+ cell counts and the highest HIV-RNA copy numbers and HIV plasma viraemia titres.
No degree of resistance to ZDV (mean IC 50 , 0.006 µmol; range 0.004-0.02 µmol) or to SQV (mean IC 50 , 0.83 nmol; range 0.37-1.0 nmol) was found in all baseline isolates.
Correlation between viral phenotype, CD4+ cell counts and viral load
A gradual but significant increase of CD4+ cell count (P = 0.03) could be observed in the patients carrying NSI variants throughout the 52-week study period ( Fig. 1 ). Conversely, in patients with SI variants, after a temporary increase during the first 4 weeks of treatment, CD4+ cell counts declined gradually returning to the baseline value at week 52. At the end of study, the two groups of patients showed a significant difference in the means of CD4+ cell counts (P = 0.04). A decrease in HIV-RNA copy number could be observed in all patients ( Fig. 1 ). However, from the 
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second week of treatment a significant difference in viral burden could be detected between the two groups (P=0.01). Furthermore, after 52 weeks of treatment only individuals with NSI strain had a significant reduction in HIV-RNA copies as compared with baseline values (P=0.006).
Relationship between biological phenotype and drug sensitivity
After 16 weeks of treatment, drug-resistant strains were isolated from nine patients (four were SQV-resistant and five ZDV-resistant). At the end of study, HIV-resistant strains were detected in 28 (74%) out of 38 patients (14 to SQV and 14 to ZDV); no isolate was resistant to both drugs. No significant difference was seen between subjects with SI or NSI strains with respect to the emergence of antiviral resistance, however, resistant strains were more frequently isolated from patients with SI variants (15 out of 18; 83%) compared with patients with NSI variants (13 out of 20; 65%).
Patients harbouring SI or NSI strains were subdivided into four groups according to sensitivity or resistance to antiretroviral drugs of HIV strains isolated after 52 weeks of treatment: SI-resistant (15 patients), SI-sensitive (three patients), NSI-resistant (13 patients) and NSI-sensitive (seven patients). No significant difference in mean CD4+ cell baseline values was observed between the four groups of patients (SI-resistant, 173 ± 111 × 10 6 /l; SI-sensitive, 150 ± 122 × 10 6 /l; NSI-resistant, 172 ± 79 × 10 6 /l; NSI-sensitive, 227 ± 71 cells × 10 6 /l). After 1 year of treatment, only patients carrying NSI-sensitive strain showed a significant increase in CD4+ cell counts (from 227 to 339 cells × 10 6 /l, P = 0.01). Moreover, after 1 year, these subjects had significantly higher CD4+ cell counts than the other three groups of patients (P < 0.05).
No significant differences were observed between the four groups relative to baseline values of viral load (ranges: SI-sensitive, 785 326 ± 709 944; SI-resistant, 759 237 ± 1 750 608; NSI-sensitive, 150 668 ± 116 050, NSI-resistant, 359 046 ± 431 000 copies/ml), however, patients carrying NSI-sensitive strain had the lowest HIV-RNA copy number at the beginning of the study. Figure 2 shows the median changes in plasma HIV copy number. After 4 weeks of therapy, a significant decrease of viral load (> 0.5 log) was detected in all groups but not in subjects with SI-resistant strains. This last group of patients included four subjects with very 
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high baseline HIV-RNA copy levels (2 452 612 ± 2 310 740 copies/ml) who developed early drug resistance (during the first 4 months of therapy) and showed only slight reduction (0.05 log) of HIV-RNA copy number. Conversely, the other 11 patients with SI lateresistant strain had low baseline HIV-RNA copy number (142 909 ± 158 610 copies/ml) and showed a significant decrease in HIV-RNA copy number (0.54 log) during the first weeks of therapy followed by a progressive increase of viral load up to baseline values (data not shown).
After 1 year of treatment, only subjects carrying NSIsensitive strains had a decrease in HIV-RNA copy number of more than 0.5 log with respect to baseline value. Moreover, this group of patients had significantly lower (P < 0.05) HIV-RNA copy number than patients with SI-resistant strains. No differences in CD4+ cell count and HIV-RNA copy number were detected between the three groups of patients harbouring SI-sensitive strains, and NSI-resistant and SI-resistant strains.
Analysis of phenotype switching of HIV isolates
MT-2 tropism of HIV-isolates was monitored at baseline, and after 16 and 52 weeks. During the period of study, 30 out of 38 patients (15 with SI strains and 15 with NSI strains) did not change the viral biological phenotype (Table 2 ). A phenotype switching was observed in eight (21%) patients, five with a NSI strain and three with a SI strain at baseline. In particular, a NSI/SI conversion was demonstrated in one patient harbouring a sensitive strain to drugs (treated with combination therapy), in three patients with a ZDVresistant strains (two subjects treated with ZDV and one subject treated with ZDV plus SQV) and in one patient harbouring SQV-resistant strain (treated with ZDV plus SQV). The NSI/SI phenotype switching occurred in two patients after 16 weeks and in three patients after 52 weeks of therapy. On the other hand, a SI/NSI conversion was observed in three patients with SQV-resistant strains and treated with protease inhibitor alone. The SI/NSI switch appeared in two cases after 16 weeks and in one case after 52 weeks of therapy. No patient harbouring a ZDV-resistant strain presented this phenotype conversion.
The mean CD4+ cell count at the time of phenotype switching was 383 × 10 6 /l and 72 × 10 6 /l for patients presenting a NSI/SI and SI/NSI conversion, respectively. Interestingly, after 3 months from conversion, the mean CD4+ cell count decreased 2.5-fold (153 × 10 6 /l) in patients with NSI/SI switch, whereas it slightly increased in individuals with the SI/NSI change (83 × 10 6 /l). In the follow up of these patients, no data on viral load were available.
In order to assure the stability of the biological phenotype, a further determination of the MT-2 tropism was performed on isolates obtained 12 weeks after phenotype switching. All viral strains tested showed the same biological phenotype that had been detected 3 months before. To validate the changes in the phenotype of HIV isolates, the seven HIV-resistant strains (four to SQV and three to ZDV), which were replicated in culture medium supplemented with or without sub-inhibiting dose of drugs, were tested again for MT-2 tropism and the same phenotype was confirmed.
HIV strain with a fluctuating phenotype was isolated from only one patient. In this subject, the NSI strain isolated at baseline changed into an SI variant after 16 weeks of treatment and returned to an NSI phenotype after 7 months of treatment, at the same time that resistance to SQV appeared.
Discussion
The clinical course of HIV disease varies widely and may be partially explained by the emergence of HIV isolates displaying SI phenotype [15] . The SI variant has been correlated with a rapid decline of CD4+ cells and with an increase in viral burden [15, 16] . Further, it has been found that the progression to AIDS was more rapid in treated individuals harbouring SI isolates at the start of therapy and in individuals showing a conversion from NSI to SI isolates [17, 18] . In particular, at the moment of phenotypic transition from NSI to SI variants, which occurs in about half of the individuals before (± 15 months) progression to AIDS, the rate of decline of CD4+ cells increases about threefold [19] .
In this study, 38 mildly symptomatic patients were evaluated, who were receiving treatment with ZDV and SQV alone or in combination, in order to improve understanding of the relationships between biological phenotype, the drug resistance phenomenon, CD4+ cell counts and viral load. In agreement with previous studies [2] , our results showed a strong association between SI phenotype and CD4+ cell decline and a higher viral burden, which strengthens the theory that SI phenotype is a poor prognostic sign in patients receiving antiviral treatment. Previous studies [10] have demonstrated that high-level antiretroviral resistance predicts an accelerated disease progression. Genotypic and phenotypic evidence of drug resistance appears before a decrease in CD4 cells and an increase in viral load [20] . Moreover, some authors [21, 22] have reported that patients with SI virus are less likely to respond to ZDV and are more likely to develop drug resistance, although antiviral therapy did not appear to select or prevent the emergence of SI variant.
Our data indicate that individuals with SI or NSI variant had no significant differences in the development of antiviral resistance. In contrast with other authors [9, 10, 21] , we found that, in the presence of SI phenotype, the emergence of a resistant strain does not further modify CD4+ cell number and viral load. Thus, in the only three patients with SI-sensitive strains, as in the subjects with SI late-resistant strain, an initial significant decrease in HIV-RNA copy number was followed by a progressive increase in viral load up to baseline values. These results support the idea that there is no relationship between the development of drug resistance and the progression rate of disease in patients carrying SI variants. We demonstrated that the emergence of drug resistance in patients harbouring an NSI variant was associated with a marked decrease of CD4+ cells and a gradual increase of viraemia. After 1 year of treatment, a significant decrease of viral load with respect to baseline value was observed only in patients with NSI-sensitive strain. These findings seem to indicate that, in patients with less cytopathogenic viral strains, the development of antiviral resistance could be contributing to the deterioration of the immune system.
Our data demonstrated a temporal correspondence between the appearance of phenotype switching and the emergence of drug resistance of HIV isolates. In particular, in four out of five patients, a switch from NSI to SI phenotype seemed to coincide with the emergence of a strain resistant to ZDV (three patients) and to SQV (one patient), and to correlate with an increase of 2.5-fold in the rate of CD4+ cell decline. On the other hand, a conversion from SI to NSI variants, which was associated with a slight increase in CD4+ cell count, was observed in three patients who were treated with protease-inhibitor alone and who were harbouring a strain resistant to SQV. Earlier reports [23] have demonstrated that protease inhibitorresistant mutants lose most of their infectivity and cytopathogenicity to T-cell lines in vitro. The cause of impaired infectivity seems mainly due to the less efficient processing of Gag proteins by the mutant protease enzyme, resulting in the selection of less cytopathic viral strains. Based on these findings, we conclude that long-term antiviral therapy with a protease inhibitor, even if it induces the emergence of resistant viral strains [24] [25] [26] , may contribute to the selection of less virulent forms of the virus. Nevertheless, further studies are needed to analyse the effect on viral load of the biological phenotype conversion.
In conclusion, the patient's immune system, viral drug resistance, HIV biological phenotype and virus burden are likely to be interdependent factors in their effects on disease progression. Patients with SI variants appear to receive limited benefit from treatment; nevertheless, a change in HIV biological phenotype in the course of antiretroviral therapy may be a relevant event that can modify the progression rate to AIDS. Thus, the monitoring of the HIV-1 phenotype during antiretroviral therapy may help to identify subgroups of patients who are more likely to benefit from treatment.
